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® A percutaneous pharmaceutical preparation. 

® A percutaneous pharmaceutical preparation in tape form is provided. The preparation comprises a fiejdble 
Peking, which is not penneable to an active Ingredient, and an adhesive layer fomied ^" J^^^^»® ^^^^^^ 
the adhesive layer comprising an adhesive base material and an active ingredient compatible wrth the adhesive 
base materiai. wherein the adheske base material consists essentially of a copolymer ^^'^"^"Q 2-ethy^hexyl 
^acrylate in a concentration of 45 to 80 mol% and N-vinyl-2-pyrrolldone in a concentration of 20 to 55 mol%. and 
<the active Ingredient is estradiol and/or the esters thereof which are contained In a concentration of 6 to 25% by 
—weight of tiie total amount of the adhesive base material and the actWe Ingredient. 
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A PERCUTANEOUS PHARMACEUTICAL PREPARATION 



BACKGROUND OP THE INVENTION 



5 1. Field of the Invention: 

The present invention relates to a percutaneous pharmaceutical preparation in tape form that contains 
estradiol and/or the esters thereof as active ingredients and permits administration of the said active 
ingredients by percutaneous at^sorption. In particular, the present Invention relates to a percutaneous 
10 pharmaceutical preparation fn tape form that is excellent in both release and transfer via the skin of the 
active Ingredients, and that can provide sustained stable concentrations of the said active ingredients in the 
blood. 



75 2. Description of the prior art 

Estradiol and its esters are known as a type of female hormone which is effective for pharmacological 
treatment of gynecological disorders such as climacteric disturbances and menstrual abnormalities. How- 
ever, owing to a high rate of hepatic metabolization, the oral administration of these drugs places a severe 

20 load upon the liver, and metatxjiization markedly reduces the bioavailability of the drug. Therefore, this type 
of drug is ordinarily administered by Injection. However, although injection induces a transient elevation of 
the drug concentration in blood, the said concentration is not sustained over a long period, and con- 
sequently frequent administration is necessary. Hence, the use of pharmaceutical preparations with slow 
release is desirable, for example, preparatksns of a percutaneous administration type are regarded as 

25 appropriate for this purpose. However, because the skin possesses the function of preventing the intruston 
of foreign matter into the body, the administration of adequate amounts of drugs by the percutaneous route 
is generally difficult In order to cope with this difRculty, the area of percutaneous pharmaceutical 
preparation In tape form is enlarged, or various agents which accelerate percutaneous absorption are 
Included in the preparation. Nevertheless, the drug release capabilities of such preparations cannot be 

30 regarded as adequate. 

For achieving more effective percutaneous administration of estradiol or its esters, a multi-layered 
pharmaceutical preparation is proposed in Japanese Laid-open Patent Publication No. 57-154122. This 
preparation consists of a backing upon which are successively superimposed a layer th^ contains an active 
ingredient a diffusion membrane and a pressure sensitive adiresive layer. The layer containing an active 

$s ingredient Is composed of a drug gel containing estradiol dispersed in a gel formed by gelatk)n of 
hydroxypropyl cellulose, etc., with ethanol. The active Ingredient together with the ethanol penetrate the 
diffusion membrane and the pressure sensitive adhesive layer, and are then absorbed through the sWn. 
Ethanol penetrates the skin at the rate of approximately 100-800 mcg/hr/cnn^, and therefore the per- 
cutaneous absorption of the active ingredient dissolved in the ethanol Is enharrced. Thus, the release of the 

40 active ingredient can be controlled by adjusting the amount of ethanol used. etc. However. Isecause this 
type of preparation is multilayered, the manufacturing process of the preparation is complex, moreover, 
owing to tiie tiiickness of the patch, attachment to the skin causes an unpleasant feeling. Furthermore, 
owing to the volatility of the ethanol used, tiie capability of releasing the active ingredient changes during 
storage or after attachment of the preparation, and the releasing capability decreases with time after 

45 attachment of the preparation. Also, because ethanol irritates the skin, attachment of such a preparation Is 
likely to cause dermal symptoms such as erythema, eta Furthermore, due to the Interposition of the 
diffusion membrane that functions as a control memtirane, the release of ethanol and the active Ingredient 
is insufficient and a comparatively large area of the preparation is necessary in order to achieve 
satisfactory pharmacological effect 

60 Japanese Laid-Open Patent Publication No. 61-155321 disctoses a percutaneous phamnaceutical 
preparation, in which an adhesive layer containing estradiol Is formed on a backing, the principal 
components of the adhesive base material In the adhesive layer being rubt>er, an adhesive resin material 
and a polymer such as galactomannan which swells In water. This type of preparation is not unduly bulky 
lihe the at)ove-mentioned multilayered preparation, and can provide a relatively stable delivery of the active 
Ingredient over a prescribed period of time. Nevertheless, the overall drug-releasirtg capability of this 
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preparation still cannot be regarded as adequate. 

SUMMARY OF THE INVEWTION 



The percutaneous pharmaceutical preparation of this Invention, which overcomes the aljove-dlscussed 
and numerous other disadvantages and deficiencies of tfie prior art comprises a percutaneous pharmaceu- 
tlcal preparation comprising a flexible backing, which Is not permeable to an active Ingredient, and an 
adhesh/e layer fomied on said flexible bacidng; said adhesive layer comprising an adhesh^e base material 
and an active Ingredient compatible with said adhesh^e base material, wherein said adhesive base material 
consists essentially of a copolymer containing 2-ethylhexyl acrylate In a concentration of 45 to 80 mol% 
and N-vinyl-2-pynroiidone In a concentration of 20 to 55 moi%, and said active Ingredient is estradiol and/or 
tfie esters thereof which are contained In a concentration of 6 to 25% by weight of the total amount of said 
adhdsh^ base material and said active Ingredient 

In a preferred embodiment the copolymer contains 2-ethylhexyl acrylate In a concentration of 55 to 70 
mol%, and N-vlnyl-2-pyrrondone in a concentration of 30 to 45 mol%. 

In a prefenred embodiment the adhesive layer contains a percutaneous absorption accelerating agent 

In a prefenred emlDodiment the accelerating agent comprises an ester of higher fatty acid obtained from 
a higher fatty acid with 10 to 18 carbon atoms and an alcohol with 1 to 20 cartwi atoms. 

In a preferred embodiment the accelerating agent comprises a compound containing at least one 
amide bond. 

In a prefen^d embodiment, the accelerating agent comprises an ester of lactic acid obtained from lactic 
acid and an alcohol with 1 to 20 cartoon atoms. 

In a preferred embodiment the accelerating agent comprises lactic acid and/or the salts thereof. 

in a preferred embodiment the accelerating agent comprises a dicartooxylic add with 2 to 10 carbon 
atoms and/or the salts thereof. 

In a preferred embodiment the dicarboxylic acid is fumaric acid. 

In a preferred emt)odiment the accelerating agent comprises citric acid and/or the salts thereof. 
In a prefenred embodiment the accelerating agent comprises 0-alItyl-(polyoxyethyl) phosphate and/or 
the salts thereof. 

Thus, the invention described lierein malces pos^ble the objecdves of: 

(1) providing a percutaneous pharmaceutical preparation In tape form containing estradiol and/or the 
esters thereof as an active ingredient such that the cutaneous permeation of the said active ingredierfts is 
high, permitting the delivery of sufficient doses even with a small patch area; 

(2) providing a percutaneous pharmaceutical preparation In tape form with the superior characteristics 
stated above and without demriai inrftation; 

(3) providing a percutaneous pharmaceutical preparation in tape fomn of simple structure which 
simplifies the manufacturing process; and 

<4) providing a percutaneous pharmaceutical preparation In tape form which undergoes no changes in 
composition and maintains its specified quality during storage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

This invention may be better understood and its numerous objects and advantages will become 
apparent to those skilled in the art by reference to the accompanying drawings as follows: 

Figure 1 is a perspective view of the diffusion cell used for testing the cutaneous penetration of the 
active ingredient contained in various percutaneous phanmaceutical preparations in tape fonm, 

Rgures 2 to 7 are graphs showing the rates of percutaneous permeation of estradiol from the 
preparations of this invention and from other preparations. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 



The principal component of the adhesive base material of the adhesive layer used In the pnaparalion of 
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. this Inventton is a copofymer containing 2-Gthyfhexyi acrylate (EHA) and N-vinyl-2-pyrrolidon9 (VP) as 
polymer components. The content of EHA in this copolymer ranges from 45 to 80 nK)l%. and preferably 55 
to 70 mol%, while the content of VP ranges from 20 to 55 mol%, and preferably 30 to 45 mol%. if the 
proportion of EHA Is excessive and the proportion of VP la unduly low, then the solubilrty of the estradiol 
5 and/or the esters thereof decreases. Conversely. If the proportion of VP is excessive and trie proportion of 
EHA is unduly low, then the adhesiveness decreases and the preparation cannot tse securely attached to 
the sWn. In acconSance with various needs, acrylates and/or methacrylales other than 2-ethylhexyl acrylate 
may also be included In the constituents of the copolymer. These {meth)acrylates preferably contain 8 to 18 
carbon atoms, the examples of which Include propyl (meth)acryiate, butyl (methyacrylate, hexyl (meth>- 

10 acrylate, 2-ethylbutyl (meth)acrylate. heptyl (meth)acrylate, octyl (meth)acrylate, nonyl (meth)acrylate, decyl 
(meth)acryiat9. and lauryl (meth)acrylate. The content of the {meth)acrylates should be 35 moi% or less, 
and more preferably 15 moi% or less. If the proportion of the (meth)3crylates is excessive, then high 
concentrations of estradiol or its esters cannot be present in the adhesive layer In a dissolved state. Also, in 
order to improve the internal cohesive properties of the copolymer, a multifunctional monomer Is preferably 

1$ included In the proportion of 0,005 to 0.5% by weight of the total amount of monomer constituents of the 
copolymer. The applicable multifunctional monomers include di(meth)acrylates, trl(meth)acrylate3 and tetra- 
{meth)acrylales. for example, hexamethyleneglycol dimethacrylate, trimethylolpropane triacrylate, etc. 

The active Ingredient In the percutaneous pharmaceutical preparation of the present invention are 
estradiol and/or the esters thereof. The esters of estradiol include benzoate, valerate, ciplonate, and 

20 propionate, etc. For the total weight of the adhesive layer to be described below O-e.. total weight off the 
adhesive base material, active ingredient and, when necessary, percutaneous absorption accelerating agent, 
etc.), the pn^rtion of this active ingredient should be from 6 to 25% by weight preferably, 8 to 20% by 
weight and still more preferably, 10 to 14% by weight If this proportion is unduly low, then the effect the 
active ingredient is insufficient and if excessive, then the said active ingredient may crystallize within the 

25 adhesive base material and not be adequately released. 

A percul^eous absorption accelerating agent may also be added to the adhesive base material as Is 
required. As the percutaneous absorption accelerating agent at least one selected from the following group 
of compounds Is pardculariy useful; compounds containing at least one amide bond, esters of lacdc add, 
lactic add, salts of lactic add. dicarboxylic adds, salts of dcartjoxylic adds, citric add, salts of citric add, 

30 0-aIkyl(potyQxyethyl)phosphates and esters of higher fatty acids. 

Among the atjove-mentioned compounds containing at least one amide bond which can be used for the 
present invention are fsl-acylsarcoslne, fatty add ethanol amides, eto. The number of cart>on atoms In the 
acyf group of the said N-acylsarcosine should preferably be from 6 to 1 a For example, N-lauroylsarcosine 
Is suitable for the present purpose. Either mono- or diethand amides may be employed as ttie atjove- 

55 mentioned fatty add ethanol amide. The alkylene-oxide adducts of these compounds can also be used. The 
fetty add components of the aforesaid fatty add etfianol amides should preferably contain 12 to 18 carbon 
atoms. The compounds containing at least one amide bond Include, N-(2-hydroxyethyl)lauramlde, N-{2- 
hydroxyethyOpalmitamfde, N,N-dl(2-hydroxyethyl)myristamide, a mixture of N,N-dl(2-hydroxyethyl)lauramlde 
and N,N-di(2-hydroxyethyl)myristamide. coconut oil fatty acid monoethanol amide, f^Kpoiyoxyelhylene 

40 ethanoQIauramide, polyoxyethylene adducts of coconut oil fatty add monoethanol amide, N,N-di(2-hydro!x- 
yethyOlauramide, coconut oil fatty acid diethanol amide, N.N-di(polyoxyethylene ethanol)lauramide and 
polyoxyethylene adducts of coconut oil fatty add diethanol amide. The appropriate mole number of 
polyoxyethylene in the aforesaid polyoxyethylene adducts is 1 to 40. Here, the mole number 1 indicates 
that in the case of monoethanol amides, 1 molecule of alkylene oxide, and In the cases of diethanol 

46 amides, 2 molecules of alkylene oxide are to be added for each molecule of ethanol amide. These 
compounds with amide bonds should be added 30 parts by weight or less, and more preferably, 0.05 to 30 
parts by weight for every 100 parts by weight of the aforesaid adhesh^e base material. 

The esters of lactic add among the aforesaid percutaneous absorption accelerating agents are otrtained 
from lactic add and an alcohol with 1 to 20 carfcwn atoms. Such esters Include, myrlstyl lactate, cetyl 

50 lactate, etc. 

The ester of lactic add Is added 30 parts by weight or less, preferably, 0.5 to 30 parts by weight, and 
more preferably, 1 to 10 parts by weight for every 100 parts by weight of the aforesaid adhesive base 
material. 

The applicable salts of lactic add Include, for example, sodium lactate, potassium lactate, caldum 
55 lactate, etc. The lactic acid and/or salts of lactic add are added 30 parts by weight or less, preferably, 0.1 
to 30 parts by weight and more preferably, 3 to 7 parts by weight for every 100 parts by weight of the 
aforesaid adhesive base material. 

The dicartjoxylic adds which can be used as the percutaneous absorption accelerating agent should 
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have 2 to 10 carbon atoms. Salts of these dicarboxylic acids can equally well be used. The dicarboxyllc 
acids include oxalic add. malonic add, fumaric add, maleic add, tartaric add, malic add, sucdnic add, 
glutaric add, adipic add, phthalic add, Isophthallc add and terephthallc add. etc. The applicable salts of 
these adds indude sodium, potasdum. magnesium, caldum and aluminum salts, etc. Fumaiic add and/or 

5 its salts are espedally suitable. The dicarboxylic adds and/or the salt thereof are added 30 parts by v\relght 
or less, preferably, O.i to 30 parts by weight and more preferably, 3 to 7 parts by weight, for every 100 
parts by weight of the aforesaid adhesive base material. 

The 0-alkyl(polyoxyethyl) phosphates which can be used as the percutaneous absorption accelerating 
agent are obtained by esterfflcation of polyoxyethylene alkyleter by use of phosphoric add, the said 

70 polyoxyethylene alkyleter being obtained by addition of ethylene oxide to alcohols. The amount of ethylene 
oxide added should be 2 to 10 molecules per molecule of alcohol. The appropriate number of cartxjn atoms 
In the alkyi group of the polyoxyethylene alkyl ether (i.e.. the alkyi group of the aforesaid alcohol) is 1 to 20. 
The aikyi group indudes methyl, ethyl, propyl, butyl, pentyl, hexyl. heptyl. octyl, nonyl. decyl, dodecyl, 
lauryl, stearyl, palmityl, myristyl, isopropyl, cetyl, tHautyl, etc. 0-Lauryl(tetraoxyethyi) phosphate and/or the 

rs salts thereof are especially suitable. The applicable salts of these compounds include sodium, potassium, 
magnesium, caldum salt, and the like. The aforesaid O-alkyKpolyoxyethy!) phosphates (including their salts) 
are added 30% by weight or less, preferably, 0.1 to 30% by weight, and more preferably. 1 to 20% by 
weight of the total weight of the adhesive material. 

The higher fatty add esters which can be used as the percutaneous at>sorptlon accelerating agent are 

20 obtained from higher fatty adds with 10 to 18 carbon atoms and alcohols with 1 to 20 cariXMi atoms. The 
percutaneous absorption accelerating effect is particulariy Improved if the compound is used In combination 
with at least one of the various percutaneous at>sorption accelerating agents mentioned previously. The 
esters of higher fatty add applicable for the present purpose Include isopropyl myristate, Isopropyl 
palmitate. etc., isopropyl myristate being espedally desirable. The ester of higher fatty add Is added 80 

25 parts by weight or less, and preferably, 1 to 80 parts by weight for each 100 parts by weight of the 
aforesaid adhesive base material. 

If the amount of these absorption accelerating agents Is excessively large, then the absorption 
accelerating agents cannot be present In the adhesive base material in a dissolved state, resulting in poor 
adhesiveness. 

30 As regards the backing of the preparation, the types of backing ordinarily employed for medicinal 
patches, impenneable to the drug, may be used for the present invention. The raw materials applicable for 
these backings Include cellulose acetate, ethyl cellulose, polyetiiylene terephthalate. vinyl acetate-vinyl 
chlortde copolymers, nylon, ethylene-vlnyl acetate copolymers, plasticized polyvinyl chloride, polyurethane. 
polyethylene, polyvlnylidene chloride and aluminum, etc. These materials can be used in tiie form of either 

35 a single-layer sheet (film) or a laminate of two or more layers. 

The percutaneous pharmaceutical preparation of the present invention is obtained by the formation of 
an adhesive layer on tiie surface of the aforesaid backing, the adhesive layer being a mixture consisting of 
the adhesive k>ase material plus estradiol and/or the esters thereof and. if necessary, a percutaneous 
absorption accelerating agent and/or other additives. Various coating processes may be employed for the 

40 formation of the said adhesive Iayer» including tfie solvent coating processes, hot melt coating processes, 
etc.; among tiiese, tiie solvent coating method Is particulariy suitable for the present purpose. In order to 
form the adhesive layer by the solvent coating process, for example, the adhesive base material is diluted 
witii a suitable solvent then tiie aforesaid active ingredient and, if necessary, an absorption accelerating 
agent and/or otiier additives are added, these ingredients are unlfomily mixed, and the resulting solution is 

45 coated onto the backing and dried. Alternatively, rattier ttian coating the solution directiy onto tiie suriace of 
the backing, the solution is first coaled onto a release paper precoaled with silicone resin, and after drying, 
the coated release paper Is fastened onto the backing. The tfiickness of the adhesive layer Is not restricted, 
but ordinarily ttie tiilckness ranges from 30 to 200 iim. 

The adhesive base material employed in ttie present invention Is capable of dissolving estradiol and/or 

50 the esters thereof in a high concentration. Consequently, the quantity of the active ingredient released per 
unit area and per unit time as well as the rate of transfer of the active ingredient through the sWn and into 
the subdermai tissue are extremely high. Also. v\rhen tiie preparation Is applied to the sWn, excellent control 
is obtained. I.e., ttie said active ingredients contained In the preparation are released at prescribed rates 
over a prolonged period of time. Thus, as compared v/ltfi prevtous types of preparations for the admlnistra- 

55 tion of estradiol, the preparation of this invention provides greater effective doses for a given area, or, 
eqdvalentiy, the preparation of this Invention can provide the same drug administration effect as previous 
types wttii a smaller area. 

If a percutaneous atjsorption accelerating agent Is also induded in the adhesive layer, then the rate of 
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transfer of the drug Into the subdermal zone is even higher (T.e.. drug release Is further Improved). This Is 
attributed to alteration of the physical properties of the adhesive base material or the skin by the aforesaid 
at)sorption accelerating agent causing a change In the "distribution coefficient of the acth^e ingredient 
between the adhesive layer and the cutaneous tissue, or a change in the diffusion velocity of the active 
5 ingredient TTius, by addition of an absorption accelerating agent a percutaneous pharmaceutical prepara* 
tion in tape form Is obtained that can maintain a high concentration of the active ingredient In blood for a 
prolonged period with a small area By contrast, when conventional adhesive base materials with low drug 
solubility are used, macroscopically visible crystals of the active ingredient grow in the adhesive layer, and 
even if the drug is in a supersaturated state when the preparation is produced, growth of the crystals of the 

to active ingredient occurs during storage. When the drug crystallizes, then even the diffusion of a dissolved 
active Ingredient Is impeded, and therefore the rate and overall quantity of the release of the active 
ingredient diminishes. Moreover, the drug is not released at the prescribed rate, and the rate of release 
decreases with time elapsed after the preparation Is applied to the skin. 

Furthermore, the adhesive base material used for the present invention is highly hydrophilic, and 

rs contains no acidic monomers such as (meth)acrylic add. and therefore the skin irritation caused by the 
present type of preparations is greatly reduced, in addition, as stated above, because adequate dosage of 
the active ingredient can be achieved with a small area, erythema can t>e avoided even In Individuals 
particulariy sensitive to skin Irritation. (Moreover, because the required area of the preparation Is small, the 
operation of attachment Is simple and the unpleasant feeling caused by application of the preparation is 

20 decreased. Because the structure of the adhesive layer is monolaminar and simple, the manufacture of the 
preparation Is simplified and the preparation can be produced In a very thin form. Furthermore, the 
preparation of the present invention does not contain volatile components such as ethanol, which, as 
pointed out in the foregoing description of prior art are contained In previously existing types of 
preparations, and therefore the composition of the preparation of this invention does not change during 

25 storage and the prescribed quality of the preparation can be maintained for a prok>nged period. 



(Examples) 

30 The present invention will be descrit>ed with the following examples. 



Example 1 

35 Rrst 302.0 g (65 mol%) of 2-etiiyihexyl acrylate (EHA). 98.0 g (35 mol%) of vinylpyrrolidone (VP) and 
40.0 mg (0i)l% by weight leased on the total weight of the monomers) of hexamethylene glycol charged 
dimetiiacryiate were in a separable flask, and 70.6 g of ethyl acetate was added to obtain a solution with a 
monomer concentration of 85% by weight. Then, this solution was heated to 60* C in a nitrogen 
atmosphere, lauroyi peroxide (as a polymerization Initiator) and ethyl acetate were added by small 

40 quantities, and the polymerization reaction was carried out for 32 hours, thereby obtaining an ethyl acetate 
solution of a polymer (l-e., an adhesive material) containing 35% sofld content A tetrahydrofuran solution of 
17 ^-estradk)! was added to the polymer solution obtained at>ove so that tiie solid content (i.e., ttie sum of 
the weights of the polymer and estradiol) would be 22% by weight and the concentration of estradiol wittiln 
tfie solid would be 10.5% by weight These ingredients were then uniformly mixed In a dissoiver. Additional 

45 solutions were also prepared in a similar manner so that the concentrations of estradiol would be 12% and 
15% by weight respectively. Each of these solutions was then coated onto release papers having the 
tiiickness of 38 um consisting of polyethylene terephthalate (PET) film treated with silicone mold-release, 
respectively, so that the thickness of each coating after drying would be 40 um. Each of these coatings was 
then dried and ttie desired percutaneous pharmaceutical preparation was obtained by applying a backing of 

50 PET film having the tiilckness of 38 um onto the dried coating. The components that form the adhesive 
layer of the percutaneous preparation obtained In this example as welt as those of the preparattons obtained 
in Examples 2-14 and Comparative Examples 1-3, that will be described be\ow, are shown in Table 1. 



ss Example 2 

By use of 215.2 g (45 mol%) of EHA. 129.7 g (45 mol%) of VP, 55.1 g (10 mol%) of decyt metb2K:ryiate 
and 40.0 mg (0.01% by weight based on tiie total weight of the monomer) of trimethylol propane triacrylate, 
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a polymer solution (i.e., a solution of adhesive material) was obtained in the same manner as in Example 1. 
The same process was repeated as in Example 1 except that the atx>ve-mentioned poiymer solution was 
used in place of the polymer solution obtained in Example 1. 

5 

Example 3 

To the polymer solution (l.e., the solution of adhesive material) obtained in Example 1. 17/3-estradiol 
and isopropyl myristate were added so that the proportion of solids in the solution (1-e.. the sum of the 
10 aforesaid constituents and the polymer) would be 25% by weight and so that within the totai solid content, 
the proportion of 17^3 -estradiol would be 10.5% by weight and that of Isopropyi myristate would bo 5.0% 
by weight. This mixture was uniformly stinred in a dissolver. and the percutaneous preparation was then 
obtained by the same process as was used In Bcample 1. 

Example 4 

To the polymer solution {l.e.. the solution of adhesive material) obtained in Example 1, 17^-estradiol. N- 
lauroyisarcosine and isopropyl myristate were added so that the proportion of solids In the solution (i.e., the 
20 sum of the aforesaid constituents and the polymer) would be 25% by weight and so that within the total 
solid content the proportion of 17/9-estradioi would be 10.5% by weight, that of N-lauroylsarcosine 3.0% by 
weight and that of isopropyl myristate 3.0% by weight This mixture was unifonnly stirred in a dissolver, and 
the percutaneous preparation was then obtained by the same pnjcess as was iised In Exampie 1. 

25 , 
Example 5 

To the polymer solution obtained in Example 1. 17;8 -estradiol and myristyl lactate were added so that 
the proportion of solids in the solution (i.e., the sum of the aforesaid constituents and the polymer) would be 
30 22% by weight and so that within the total solid content the proportion of 17^ -estradiol would be 10.5% 
by weight and that of myristyi lactate would be 5.0% by weight This mbcture was unlfbnmly stirred in a 
dissolver, and the. percutaneous preparation was then obtained by the same process as was used in 
Example 1. 

36 

Example 6 

To the polymer solution 0.e.. the solution of adhesive material) obtained in Example 1. 17^- estradiol, 
myristyl lactate and isopropyl myristate were added so that the proportion of solids in the solution (i.e.. the 
40 sum of the aforesaid constituents and the polymer) would be 22% by weight and so that within the totai 
solid content the proportion of 17i3-estradiol would be 10.5% by weight that of myristyl lactate 3.0% by 
weight and that of Isopropyi myristate 5.0% by weight This mixture was unifonmly stin-ed in a dissolver, and 
the percutaneous preparation was then obtained by the same process as was used in Example 1 . 

45 

Exampie 7 

To the polymer solution (i-©-. the solution of adhesive material) obtained in Example 1. 17^-estradiol 
and lactic acid were added so that the proportion of solids in the solution fi.e.. the sum of the aforesaid 
60 constituents and the polymer) would be 22% by weight and so that within the total solid content the 
proportion of 17/5 -estradiol would be 10.5% by weight and that of lactic add would be 5.0% by weight 
This mixture was uniformly stinred in a dissolver, and the percutaneous preparation was then obtained by 
the same process as was used in Example 1. 

55 

Bcample 8 

To the polymer solution (l.e., the solution of adhesive material) obtained in Example 1, 17^-estradiol, 
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lactic add and fsopropyl myristate were added so that the proportion of solids in the solution (i.e*, the sum 
of the aforesaid constituents and the polymer) would be 25% by weight and so that within the total solid 
content the proportion of 17)9 -estradiol would be 10^% by weight that of tacti6 acfd 5.0% by weight and 
that of isopropyl myristate 5.0% by weight This mixture was uniformly stirred in a dissoWer, and the 
5 percutaneous preparation was then obtained by the same process as was used in Example 1. 



Example 9 

70 To the polymer solution Q.e^ the solution of adhesive material) obtained in Example 1, 17/3-estradiol 
and fumaric acid were added so that the proportion of solids in the solution (i.e., the sum of the aforesaid 
constituents and the polymer) would be 22% by weight and so that within the total solid content the 
proportion of 17/3 -estradiol would be 10.5% by weight and that of fumaric acid would t^e 5.0% by weight 
This mixture was uniformly stinred in a dissolver. and the percutaneous preparation was then obtained by 

75 the same process as was used in Example 1 . 



Example 10 

20 To the polymer solution (i.e., the solution of adhesive material) obtained in Example 1, 17)3-estradlol, 
fumaric acid and isopropyl myristate were added so that the proportion of solids In the solution 0.e.. the 
sum of the aforesaid constituents and the polymer) would be 25% by weight and so that within the total 
solid content the proportion of 17i9 -estradiol would t^e 10.5% by weight that of fumaric acid 5.0% by 
weight and that of isopropyl myristate 5.0% by weight This mixture was uniformly stirred in a dissotver, and 

2S the percutaneous preparation was then obtained by the same process as was used in Example 1. 



Example V[ 

30 To the polymer solution (l.e.. the solution of adhesive material) obtained in Example 1, 17^-estrad!ol 
and citric acid were added so that the proportion of solids in the solution (i.e., the sum of the aforesaid 
constituents and the polymer) would be 22% by weight and so that within the total solid content the 
proportion of 17j9 -estradiol would be 10.5% by weight and that of citric acid would be 5.0% by weight This 
mixture was uniformly stirred in a dissolver, and the percutaneous preparation was then obtained by the 

35 same process as was used in Example 1. 



Example 12 

40 To the polymer solution (I.e., the solution of adhesive material) obtained in Example 1, 17j3-e8tradiot 
citric add and isopropyl myristate were added so that the proportion of solids in the solution (1.e.. the sum 
of the aforesaid constituents and the polymer) would b& 22^ by weight and so that within the total solid 
content the proportion of 17^ -estradiol would bo 10.5% by weight, that of citric add 5.0% by weight and 
that of isopropyi myristate 5.0% by weight This mixture was uniformly stirred in a dissolver. and the 

45 percutaneous preparation was then obtained by the same process as was used in Example 1. 



Example 13 

50 To the polymer solution (i.e., the solution of adhesh^ material) obtained in Example 1, 17/3*estradiol 
and 0-Iauryl(tetraoxyethyl)sodiumphosphate were added so that the proportion of solids In the solution (l.e., 
the sum of the aforesaid constituents aruj the polymer) would be 22% by weight and so that within the total 
solid content the proportion of 17i9-estradiol would be 10.5% by weight and that of the O-lauryl- 
(tetraoxy6thyl)sodlumphosphate would be 5.0% by weight This mixture was uniformly stirred in a dissolver, 

55 and the percutaneous preparation was then obtained by the same process as was used In Example 1 . 



Example 14 
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To the polymer solution (l.e., the solution of adhesive materlaO obtained In Example 1, 17i3-estradioi, O 
lauryl(tetraoxyethyl>sodlumphosphateJogether with isopropyl myristate were added so that the proportion of 
soBds In the solution (l,e., the. sum of the aforesaid constituents and the polymer) wouid be 22% by weight 
and so that within the total sofid content the pmportion of i7fi -estradiol would be 10.5% by weight that of 
0-lauryl{tetraoxyethyf)sodiumphosphate S.0% by weight and that of isopropyl myristate 5.0% by weight 
This mixture was uniformly stirred in a dis^h^r, and the percutaneous preparation was then obtained by 
the same process as was used in Example 1. 



Comparative Example 1 

By use of isa? g (35 mol%) of EHA and 211.3 g (65 mol%) of VP. a polymer was prepared In the 
same manner as Indicated In Example 1, and thereafter four percutaneous preparations were prepared by 
the same procedure as used in Example 1, except that the proportion of 17/5 -estradiol in the preparations 
were adjusted to 16, 18. 20 and 22% by weight respectively. 



Comparative Example 2 

By use of 377.5 g (85 mol%) of EHA and 40.1 g (15 mol%) of VP, a polymer was prepared In the same 
manner as indicated In Example 1, and thereafter four percutaneous preparations were prepared by the 
same procedure as used In Example 1, accept that the proportion of ^7fi -estradiol in the preparations were 
adjusted to 4, 6, 8 and 10.5% by weight respectively. 



Comparative Example 3 

By use of 306.4 g (80 mol%) of EHA. 41.2 g (10 mol%) of 2-ethylhexyI methacrylate (EMMA). 52.4 g 
(10 mol%) of dodecyl methacrylate, and 80 mg <0.02 mol%) of 1 ,6-hexaneglycol dimethacrylale. poly- 
merization was canied out in the same manner as Indicated In Example 1, By use of the polymer so 
obtained, four varieties of percutaneous preparations were obtained by adjusting the proportion of estradiol 
In the solid constituents to 0.1. 0.3, 4.0 and 10.5% by weight respectively. 
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so 



Experimental Example 1 

By use of the pNarcutaneous pharmaceutical preparations obtained in the aforesaid Examples 1 and 2 
and Comparative Examples 1-3, the saturated solubility of 17j9 -estradiol in the adhesive layers of the 
preparations was evaluated. 
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Evafuatfon of saturated solubility was perfonned in the following manner. A portion of the release paper 
on the preparation was detached, finely pulverized 17/9 -estradiol was placed on the adhesh^ surface of the 
preparation, the detached release paper was stuck back onto the surface, then the preparation was 
enclosed in a bag made from an aluminum laminate film, this was stored for one month at room 
temperature, and the saturated solubility was then evaluated by the observation of crystal growth with an 
optical microscope at 200 x magnification. , - ^ o 

By use of the percutaneous pharmaceutical preparations obtained In the aforesaid Examples 1 and 2 
and Comparative Examples 1-3, the adhesive properties of the preparations was evaluated. 

Adhesive properties were evaluated by measuring the ball tack value In accordance with the testing 
procedures for adhesive tape and adhesWe sheets specified by JIS.Z0237 at room temperature imme- 
diately after the production of the pharmaceutical preparation. 

The results of these tests are shown In Table Z In the column indicating crystal growth, the circles 
indicate that crystal growth was not observed, the triangles Indicate that crystal growth was urKortain. and 
the crosses indicate that crystal growth was observed cleariy. In the column Indicating adhesive properties, 
the circles Indicate good adhesive characteristics while the crosses Indicate unsatisfactory adhesion. 

Table 2 







Crvstai 


Adhesive 






growth 


properties 




(Wt%) 








10.5 


O 
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Example 1 


12.0 


O 


O 




15.0 
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O 




10.5 


O 
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Example 2 


12.0 


O 


O 




15.0 


O 


O 




16.0 


O 


X 


Comparativ- 


18.0 


A 


X 


e 








Example 1 
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X 


X 




22.0 


X 


X 




4.0 


O 


o 


Comparatlv- 


6.0 
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o 


e 








Example 2 


8.0 


A 


X 




10.5 


X 


X 




0.1 


O 


o 


Comparativ- 


0.3 


A 


o 


e 








Examples 


4.0 


X 


X 




10.5 


X 


X 



Table 2 shows that the percutaneous pharmaceutical preparation of the present Invention can maintain a 
comparath^ly high concentration of estradiol In a dissolved state fbr a long period of time, and pos^ 
excellent adhesWe properties. By contrast the percutaneous pharmaceutical preparaUon of Compar^e 
Example 1 containing a high proportion of VP in the adhesh^e base material, had poor ^^"^^^^ 
On the other hand, the preparation of Comparative Example 2 containing a high proportion of EHA In the 
adhesh/e base material (and a tow proportion of VP) as well as the preparation In Comparative Example 3. 
using an adhesh^e base material synthesized from acrylate monomers only, had poor estradiol solubility. 
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Experimental Example 2 

Pharmaceutfcal preparations obtained In Examples 1-14 and Comparative Exarnples 2 and 3 with a 17)3 
-estradiol content of 10.5% by weight were used in this experiment The 17^ -estradiol content In each of 

5 these preparations was 4 mg/10 cm^. As Comparative Example 4. the commercially available estradiol 
preparafion, Estraderm 0.05 (manufactured by Ciba-Qelgy. Switzerland; having the same structure as the 
preparation disclosed in Japanese L^id-Open Patent Publication No. 57-154122) was used. 

The percutaneous pharmaceutical preparations obtained In the above-described examples of the 
present Invention and comparative examples as well as the aforesaid Estradenm (after opening the sealed 

70 aluminum package of the latter) were stored under exposure to air for 30 days. At the end of this storage 
period, the crystal growth of 17/? -estradiol was examined with an optical microscope at a magnification of 
200 X. The results obtained are ^own In Table 3. . 

Table 3 



76 







Crystal 
formation 




Example 1 


Not observed 


20 


Example 2 


Not observed 




Examples 


Not observed 




Example 4 


Not observed 




Example 5 


Not observed 




Example 6 


Not observed 


25 


Example 7 


Not observed 




Bcample 8 


Not observed 




&cample9 


Not observed 




Example 10 


Not ot>served 




Example 1 1 


Not observed 


30 


Example 12 


Not observed 




Bcample 13 


Not observed 




Example 1 4 


Not ot>served 




Comparative Example 2 


Observed 




Comparative Example 3 


Observed 


35 


Comparative Bcample 4 


Not observed 



Next, by use of these preparations, the degree of skin penetration by the active Ingredient was 
evaluated. A diffusion ceil 10 with the structure shown In Rgure 1 was provided. This diffuston cell 10 
possesses a receptor vessel 1 of cylindrical form with a base and a donor vessel 2 of cylindrical form 
having a base witii a orifice 21. The donor vessel 2 was superposed upon the receptor vessel 1 and the two 
vessels were fasteried together In an airtight and concentric fashion by means of a pair of Onrlngs 31 and 
32. The receptor vessel 1 possesses a sampling duct 1 1 projecting laterally from the side of the vessel. The 
sWn sample 4 used in tiie test was sandwiched between ttie Clings 31 and 32. and completely covered the 
orifice 21 of the donor vessel 2. 

A halriess mouse (male. 6 weeks of age) was sacrificed by dislocation of the cervical vertebrae, tiie skin 
was detached, tiie panniculus adiposus was removed, and thus skin specimens of approximately 5 cm x 5 
cm In size were obtained. One of ttie aforesaid preparations (10 cm^) was applied to the specimen, and this 
was then set between the two O-rings 31 and 32 in tiie aforesaid diffusion cell. The receptor vessel 1 was 
filied witti ttie receptor solution described betow, and tills receptor solution was stinred with an agitator 12. 



Preparation of receptor solution: 

A buffer solution consisting of 5 x 10"* M NaHaPO^. 2 x 10-* M Na2HPO*. 1.5 x 10"^ M NaCI and 10 
ppm of gentamtoin In distilled water was adjusted to pH 7.2 wftii an aqueous sodium hydroxide solution, and 
ttie receptor solution was obtained by addition of potyettiylene gtycot 400 so tiiat tiie concentration of the 
polyethylene glycol should be 20% by weight 
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The diffusion celt 10 was placed in a temperature t)ath maintained at 37*0, and a 1 ml aliquot of tfie 
receptor solution was sampled through the sampling dud 11 at predetermined times, and this sample 
solution was replaced by 1 ml of fresh receptor solution. The drug concentration of each sample of receptor 
solution was measured, and the amount of permeated drug was calculated. This test was performed for 3 
specimens of each type of preparation, and the average of the 3 values so obtained was calculated- The 
results of these tests are shown in Rgures 2 to 7. 

Figures 2 to 7 indicate that the percutaneous pharmaceutical preparation of the present Invention are 
superior to those of each Comparative Example with respect to the rate of percutaneous pemneation of 17^3- 
estradiol. Moreover, the preparations of the present Invention can maintain their excellent characteristics 
during storage even witliout special conditions such as hermetical sealing, etc. 



Experimental Example 3 

Percutaneous pharmaceutical preparation (10 cm^) of the same type as those used in Experimental 
Example 2 were applied to the arms of three human subjects (healthy males), and were then detached and 
recovered after 72 hours. The recovered preparations were subjected to methanol extraction and the 
concentrations of t7jS -estradiol were measured with high performance liquid chromatography. In the case 
of Comparative Example 4, after detachment the preparation was cut Into small fragments before methanol 
extraction. The amount of residual drug in the preparation after detachment was then calculated from the 
measured estradiol concentrations, and the difference between the measured amount and the initial 
estradiol content of the preparation was regarded as the amount of estradiol which had been transferred 
percutaneously. The amount of percutaneously trans ferred estradiol for each preparations are shown in 
Table 4. 

Table 4 





Amount of percutaneously 
transferred estradiol 


(ug/day) 


Example 1 


100 


Example 2 


90 


Example 3 


120 


Example 4 


300 


Example 5 


180 


Example 6 


250 


Example 7 


220 


Example 8 


300 


Example 9 


160 


Example 10 


200 


Example 11 


ISO 


Example 12 


180 


Example 13 


150 


Example 14 


180 


Comparative Example 2 


30 


Comparative Example 3 


35 


Comparative Example 4 


40 



Table 4 shows tiiat for a given area and a given time, the amount of drug percutaneously transferred 
from the preparations of the present Invention were far greater than ttie conresponding amount for the 
Comparative Example. 

It is understood that various otiier modifications will be apparent to and can be readily made by those 
skilled in the art without departing from the scope and spirit of this invention. Accordingly, it is not Intended 
tfiat tfie spope of tfie daims appended hereto be limited to the description as set fdrtii herein, but rather 
tfiat ttie claims be construed as encompassing all ttie features of patentable novelty that reside In the 



13 



EP0 364 211 A1 



present invention, including all features that would be treated as equivalents thereof by ttiose skilled In the 
art to which this inventbn pertains. 



Claims 

1. A percutaneous pharmaceutical preparation comprising a flexible backing, which Is not permeable to 
an active ingredient and an adhesive layer fonned on said flexible backing; sakJ adhesive layer comprising 
an adhesive base material and an active ingredient compatible with said adhesive base material, 

wherein said adhesive base material consists essentially of a copolymer containing 2-ethyIhexyl acrylate In 
a concentration of 46 to 80 mol% and N-vlnyl-2-pYm5ndone in a concentration of 20 to 55 moi%, and said 
active Ingredient is estradiol and/or the estere thereof which are contained In a concentration of 6 to 25% by 
weight of the total amount of said adhesive base material and said active ingredient 

2. A phanmaceutical preparation according to claim 1. wherein said copolymer contains 2-ethylhexyl 
acrylate in a concentration of 55 to 70 moi%, and N-vinyl-2-pynrolidone In a concentration of 30 to 45 
mol%, 

3. A pharmaceutical preparation according to claim 1, wherein said adhesive layer contains a per^ 
cutaneous absorption accelerating agent 

4. A pharmaceutical preparation accorcling to claim 3, wherein said accelerating agent comprises an 
ester of higher fatty acid obtained from a higher fatty add with 10 to 18 carbon atoms and an alcohol with 1 
to 20 carbon atoms. 

5. A pharmaceutical preparation according to claim 3 or 4, wherein said accelerating agent comprises a 
compound containing at least one amide l^ond. 

6. A pharmaceutical preparation according to dalm 3 or 4, wherein said accelerating agent comprises 
an ester of lactic acid obtained from lactic acid and an alcohol with 1 to 20 carbon atoms. 

7. A phannaceuticai preparation according to claim 3 or 4, wherein said accelerating agent comprises 
lactic acid and/or tfie salts thereof. 

8. A pharmaceutical preparation according to claim 3 or 4, wherein said accelerating agent comprises a 
dicart>oxy[lc acid with 2 to 10 cartoon atoms and/or the salts thereof. 

9. A pharmaceutical preparafion according to claim 8, wherein said dicarboxylic add is fumaric add. 

10. A pharmaceutical preparation according to claim 3 or 4, wherein said accelerating agent comprises 
dtric add aruJ/or the salts thereof. 

1 1 . A pharmaceutical preparation according to dalm 3 or 4, wherein said accelerating agent comprises 
0-alkyKpolyoxyethyl) phosphate and/or the salts thereof. 
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